Read before the Academy, Monday, Apr11 22, 1935 Approximately fifty years ago Rubner emphasized the concept that all warm-blooded animals give off heat in direct proportion to their surface areas and at an essentially constant rate, irrespective of difference in species, of one thousand calories per square meter of body surface per 24 hours. This theory has stimulated a great deal of research and has been of invaluable service in that it has led to the accumulation of much information with regard to the heat production of various animals. Most writers even at the present day believe in the general applicability of this surface-area law, in spite of the fact that increasing evidence is appearing to show that the heat production per unit of body surface is by no means so uniform with all warm-blooded animals as was originally thought. The production of heat in the animal body is the sum of the endogenous heat production necessary for the maintenance of minimum vital activity and the increases in heat production caused by superimposed factors, primarily the absorption of food and muscular activity. By studying humans and animals in complete muscular repose, after the digestive processes have ceased, measurements can be made that supposedly represent the true basal metabolism and hence are comparable among different animal species.
Approximately fifty years ago Rubner emphasized the concept that all warm-blooded animals give off heat in direct proportion to their surface areas and at an essentially constant rate, irrespective of difference in species, of one thousand calories per square meter of body surface per 24 hours. This theory has stimulated a great deal of research and has been of invaluable service in that it has led to the accumulation of much information with regard to the heat production of various animals. Most writers even at the present day believe in the general applicability of this surface-area law, in spite of the fact that increasing evidence is appearing to show that the heat production per unit of body surface is by no means so uniform with all warm-blooded animals as was originally thought. The production of heat in the animal body is the sum of the endogenous heat production necessary for the maintenance of minimum vital activity and the increases in heat production caused by superimposed factors, primarily the absorption of food and muscular activity. By studying humans and animals in complete muscular repose, after the digestive processes have ceased, measurements can be made that supposedly represent the true basal metabolism and hence are comparable among different animal species.
It was soon noted, however, that even within any given species factors other than digestion and muscular activity play an appreciable r6le in the heat production, particularly age, and specific differences due to weight, height and sex have been found.
Study of the basal metabolism of any given species of animal has two specific values. It contributes to the knowledge of the basal metabolism of that given species and the variability existing within the species and enables comparison with the metabolism of other species. It also furnishes a baseline for measuring the effect of any superimposed factor, such as digestion or muscular work, within the species itself. In the feeding of domestic animals knowledge of the effect upon metabolism of the work of digestion is of practical, economic importance. The multiplicity of feeds for domestic animals, represented by roughages such as hay and concentrates such as cornmeal, oats, bran and wheat, and the great differences in the market values of these feeds have led to a survey of their digestibility. Careful study has shown that the digestibility is highest with the concentrates and lowest with the roughages. But more important and less well known is the tremendous stimulus to metabolic activity as the result of the ingestion of any food. This stimulus of the food is determined by comparison of the metabolism during the active processes of digestion with the metabolism when food is no longer being absorbed from the intestinal tract. With man the post-absorptive condition is reached after a fairly short period of fasting, usually within 12 or 14 hours, but with large ruminants a much longer period of fasting is necessary.
Belief in the constancy of basal metabolism has led most workers to accept too readily a few experiments or, indeed, only one experiment to establish this important baseline prior to or following a series of experiments in which the effects of various kinds or amounts of feed are studied. In a cooperative investigation between the Nutrition Laboratory of the Carnegie Institution of Washington and the Laboratory for Animal Nutrition at the New Hampshire Agricultural Experiment Station we have been occupied for many years in studying the metabolism of large ruminants, namely, cows and steers and, in addition, the horse. The effects of the ingestion of the various roughages and concentrates upon the heat production of these animals are most striking, relatively enormous increases in the basal metabolism having been regularly noted. In these investigations we did not accept one basal determination for comparison with a series of feed experiments, but considered that the most logical method was to repeat the measurement of the basal metabolism of each animal each time that the stimulating effect of a given feed was to be studied. Our procedure was therefore as follows:
The animal was fed for at least four weeks on a constant ration, maintenance or somewhat better than maintenance, at the end of which time the metabolism for two consecutive 24-hour periods was measured with the animal (while still on feed) inside a respiration chamber. Feed was then withdrawn, and the metabolism was again measured on the fourth and fifth days of fasting, at which time essentially a plateau in the metabolism had been reached, the respiratory quotients approached that of fat, and the methane production was very low.
Five Holstein (ca. 600 kg.) and four Jersey (ca. 300 kg.) cows, ranging in age from 3 to 15 years, were studied in this way. In most instances they were dry, in a few cases pregnant or lactating. The experimental series with any one animal extended from two months to three and one-half years. The feeds given were roughages alone, concentrates alone or green grass (pasture). The roughages included six different hays, of varying protein content and of early and late cuttings. The concentrates were either cornmeal alone or linseed meal supplemented by wheat bran. At no time were the cows undernourished. During both the digestion and the fasting period they were kept at a constant, controlled environmental temperature of about 20°C.
In accordance with Rubner's concept, the heat production of the nondigesting, muscularly inactive animal should be constant per square meter of body surface per 24 hours. But with the cows that we studied a wholly unsuspected lability was found in the basal metabolism of one and -the same animal, a lability of an order of magnitude altogether too great to be attributed to any possible slight technical error. Furthermore the accuracy of the respiration apparatus was frequently controlled by the introduction of a known, weighed amount of carbon-dioxide gas, which was subsequently completely recovered by the aliquoting, chemical and metering methods employed. The extremes noted in our basal metabolism measurements on dairy cows are reported in table 1, the heat values being expressed as calories per 500 kilograms of body weight per 24 hours for the animal in the lying position. Similar variability is seen if the calculations are based on the surface area. The body weights in these instances had not undergone any significant change, and although the feeds given were not the same in any pair of experiments, it must be remembered that all these measurements were made on the fourth and fifth days of fasting, under which conditions the immediate effects of the previous ingestion of food are ruled out, absorption has ceased, and the measurement represents only the metabolic activity of the cells of the animal body.
The important fact brought out by these experiments is that the basal metabolism of the dairy cow is by no means constant, even for a relatively short time, and it would be extremely difficult to give one representative basal value for dairy cows in general. This lability in the basal metabolism of the dairy cow is, upon analysis, not surprising, when one considers that the cow is an animal whose diet, both qualitatively and quantitatively, has been selected by man for the express purpose of transforming into milk as much as possible of material (hays and grass) otherwise inedible by man. The selection by breeding of cows that show great productivity in milk has resulted in the development of an animal perhaps paralleled nowhere else in the entire zoological kingdom. This selective breeding has been accompanied by special, forced feeding and artificial conditions, which doubtless have contributed not a little to this great flexibility in metabolism. From the practical standpoint it is clearly demon-strated that any experiments on cows designed to study the specific dynamic action or the stimulating effect of food must be so planned that the baseline is determined as near as possible to the time of the measurement of the metabolism when the animal is fully stimulated by the feed. Thus it is inconceivable that for a series of feed experiments carried out throughout the winter one basal value determined either at the beginning or the end of the series will be applicable to the various feed measurements.
Although our particular findings here reported apply to the dairy cow, an animal whose productive activity has been perhaps most pronouncedly governed by man by feeding and selective breeding, a lability in metabolism (not so marked) has also been noted by us with the sheep and the horse. These observations have a practical, economic value in assessing the nutritive values of different feeds, but what is more important from the physiological standpoint, they also emphasize the possibility of a tremendous variability in the endogenous metabolism of any adult organism, even when there are no appreciable changes in body weight.
( Provincetown, Massachusetts, and the tip of Cape Cod were shaken by an earthquake of very sligbt intensity, accompanied by earthquake sounds, on the evening of April 23, 1935 (local time). The shock was well recorded by the Benioff short-period seismographs at the Oak Ridge Observatory of the Harvard University Seismograph Station, Harvard, Massachusetts. Mr. Gibbs and the writer visited the Cape the following day to obtain reports from local residents, particularly men on watch at the many Coast Guard stations.
In figure 1 the shaded portion of Cape Cod represents the area over which the earthquake was felt or heard. Strongest shaking was reported by R. J. Davey, on watch at the Race Point Coast Guard tower. Dr. P. J. Eaton, of Provincetown, described the sound as "a loud report,
